[Abstract] DNA double-strand breaks (DSBs) are toxic lesions that every cell must accurately repair in order to survive. The repair of DSBs is an integral part of a cell life cycle and can lead to lethality if repaired incorrectly. Laser microirradiation is an established technique which has been used in yeast, mammalian cell culture, and Drosophila cell culture to study the regulation of DSB repair. Up to our studies, this method has not been adapted for use in a whole, live, multicellular organism to study this repair in vivo. We have recently shown that this system can be used for study of the recruitment of vital repair proteins to microirradiation-induced breaks in the transparent nematode Caenorhabditis elegans.
Procedure

A. Worm preparation
Worm husbandry instruction can be found in WormBook (Stiernagle, 2006 ).
1. Pour 10 ml of NGM agar media (see Recipes) into 60 x 15 mm Petri dishes and allow to set for 2 days before seeding with E. coli OP50.
2. Seed with OP50 from a fresh starter and incubate at 37 °C overnight. Culture C. elegans strains to be used for live imaging experiments on these plates and maintain at 20 °C.
3. Pick L4 stage worms of the desired strain the day before the planned live imaging experiment so that worms are one-day old adults for the experiment. We move worms using a pick and identify the L4 stage by the shape of the vulva. However other methods such as synchronization by bleaching can be used (Porta-de-la-Riva et al., 2012).
B. Live Imaging Sample Preparation
See Figure 1 for a visual representation of the following 3 steps.
1. Place 6 μl of M9 buffer in the center of the glass bottom dish to prepare the live imaging sample.
Pick the desired number of worms and place into the drop of M9, taking care to transfer as little bacteria as possible. the scope is fully on before opening the MetaMorph software.
Note
3. Place the glass bottom dish on the scope and align your vertical reference mark on the parafilm to a location on the scope platform so that any XY-coordinates saved will be the same after the objective change ( Figure 2B ). Locate the worms using the 20x objective and save their XYcoordinates on the Leica Inverted Microscope. Remove the glass bottom dish before changing objectives.
4. Set the objective to 100x and place a small drop of 100x/1.4 NA immersion oil directly onto the objective lens. Ensure that magnification in the MetaMorph toolbar is set to 100x. Otherwise the microirradiation technology will not work. This will automatically raise the objective. Lower it before replacing the glass bottom dish on the platform.
5. Place glass bottom dish back onto the scope platform, using your vertical reference mark on the parafilm to orient the glass bottom dish exactly where it was before, ensuring that your saved XY-coordinates will be the same for all of your worms. 7. Under the "Wavelengths" tab, specify the number of wavelengths for the experiment (e.g., 2
wavelengths, one for brightfield (BF) and one for GFP). A corresponding tab for each of these wavelengths will open and under each specify the exposure times. We use 20 ms for BF and 500 ms for GFP. Check the box for "Z series with the wavelength" to ensure that the Z series you set for the experiment will be acquired all the way through the set range in that specific wavelength ( Figure 3C ).
8. Set intensity of the light source to 5%.
9. To visualize the worm on the computer within the MetaMorph program, hit the button with the small camera and play icon ( Figure 3E ). This will pull up a live feed from the microscope which you can then use to set the appropriate stages.
10. Under the "Stages" tab of the MDA window set the stage, or location, of the area of the worm to target in X, Y, and Z planes. These stages can be saved to be revisited for adjustments, and these will be the stages that are automatically moved to and imaged during the acquisition period ( Figure 3B ).
11. Under the "Z Series" tab, specify the number of steps to be acquired around the central Z plane specified when setting the stage (the middle of the nucleus, in our case). The number of steps and the size of each step through the Z plane can be set under this tab ( Figure 3D ).
12. Under the "Timelapse" tab set the time interval and duration of experiment/number of time points (e.g., every 2 min for 60 min; Figure 3A) . Be sure to take into account the number of stages you have and how many Z planes are acquired at each stage and allow for enough time between each interval acquisition for each stage to be acquired. It takes time to go through the planes at each step, and even more time if multiple wavelengths are selected.
13. Specify where the output from the program will be saved in the "Saving" tab in the MDA window.
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E. Recovery (optional)
Worms can only be viably maintained on the glass bottom dish for up to 2 h. Many experiments require analysis in later time points or analysis by other methods (e.g., dissection for immunofluorescence staining-based experiments). In this case, you will need to recover the worms.
1. Remove the parafilm from the glass bottom dishes to recover worms after microirradiation.
Place 350 μl of M9 over the agarose pad.
2. Gently lift the edge of the pad to allow M9 to wash underneath and lift the pad off of the worm(s).
Note: We use the dissection blade mentioned in the glass bottom dish Preparation procedure
to lift the agarose pad at this step.
3. Use a glass Pasteur pipet to transfer the worm(s) to an NGM plate, to be used for any follow-up experiments.
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